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二维(2D)及多维(mD)核磁共振(NMR)谱数据，极大地缩短了 2D 和 mD NMR 谱




位调制空间编码的单扫描快速采样序列，快速获得了 2D 1H-1H COSY 谱。本文
还详细介绍了空间编码单扫描快速采样方法的信号处理方法，并利用 Java 编程




COSY、TOCSY、J 分解谱、MRI 和不均匀磁场下 NMR 等领域的应用。分析了
现有各种序列的优缺点，指出了空间编码单扫描快速采样方法的局限性。 
2. 结合空间编码单扫描快速采样方法的发展，分析了原有方法在获得 2D 
COSY 谱过程中存在的缺点和遇到的问题，提出了两种基于连续恒时相位调制
空间编码的单扫描快速采样新序列(g-COSY 和 gDQF-COSY)。理论分析和实验
结果都证明了利用新序列只用单次扫描就可以获得 2D COSY 和 DQF-COSY
谱。与实时相位调制空间编码方法相比，新方法不仅更容易获得 2D COSY 谱，
而且所得的 COSY 谱具有更高的信噪比和分辨率。 
3. 在了解 Varian NMR 系统对自由感应衰减(FID)信号的编码规则基础上，
分析 FID 数据的提取方法。根据空间编码单扫描快速采样方法的信号处理原理，



































Exploration of Single-Scan Ultrafast 2D NMR Methods 




Single-scan ultrafast NMR method can be used to obtain a two-dimensional (2D) 
and multi-dimensional (mD) NMR spectrum within a single scan via spatial 
encoding technique, thus greatly shortening the experimental time. It may find 
extensive application in NMR field. 
In this thesis, the basic principles of single-scan ultrafast NMR method were 
elucidated. Some single-scan methods were discussed. The applications of different 
single-scan methods were introduced and their limitations were analyzed. Based on 
the reported single-scan methods, two alternative ultrafast 2D COSY methods 
(g-COSY and gDQF-COSY) based on continuous constant-time phase modulated 
spatial encoding were proposed. The way to process the signals from single-scan 
ultrafast method was introduced. A new efficient signal processing software named 
UltraNMR was constructed based on the Java program language. Its main functions 
and usage were presented. The main work is summarized as follows: 
1. The discrete spatially encoding single-scan ultrafast method was taken as an 
example to elucidate the basic principles of single-scan ultrafast method. Some 
single-scan methods such as continuous amplitude-modulated encoding and 
continuous phase-modulated encoding were discussed. The applications of the 
single-scan methods in COSY, TOCSY, J-resolved spectroscopy, MRI and NMR in 
inhomogeneous fields were introduced and their limitations were analyzed. Their 
potential development was briefly anticipated. 
2. Two alternative ultrafast 2D COSY methods (g-COSY and gDQF-COSY) 
















Theoretical expressions of the resulting signals were deduced. Experiments were 
performed to verify our theoretical analysis and the feasibility of the methods. 
Comparisons between the experimental results from our methods and the previous 
real-time phase-modulated spatial encoding method demonstrate that the 
signal-to-noise ratio and resolution of the 2D COSY spectra are improved and a 
good 2D COSY spectrum is easier to achieve by using our methods. 
3. The method to extract the effective data for NMR spectra from the FIDs 
acquired using single-scan ultrafast methods with Varian NMR system was explored. 
A new efficient signal processing software named UltraNMR was constructed to 
deal with the data from the single-scan ultrafast methods, which was developed 
using the Java program language with the developer platform of Eclipse3.4.0 and 
runtime environment of JDK6.0. Its main functions and usage were particularly 
introduced. 
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